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Abstract 
This note gives an operations procedure to adjust magnetic fields and beam momenta in the PSB 
and PS in a way that guarantees a correct transfer between the machines. 
 
Low-energy blow-up in the PS 
The beam revolution frequency after injection into the PS is not an arbitrarily free parameter due 
to the hardware of the low-energy longitudinal blow-up.  This blow-up is made using a narrow-
band rf system which is tuned to 199.900 MHz and operated at an integer harmonic of the 
revolution frequency.  Even though the low-energy blow-up is not used for all PS proton beams, 
it is the natural starting point for transfer considerations. 
 
Theoretical parameters at transfer 
PS transfer settings: 
The nominal transfer energy of 1.4 GeV together with the PS central orbit length of 200π m gives 
a revolution frequency of 437.037 kHz.  However, choosing a blow-up harmonic of 458 fixes the 
desired revolution frequency at frev,PS = 436.463 kHz, corresponding to a slightly lower beam 
energy of 1.3842 GeV.  Taking an effective magnetic length of 4401.0 mm for each the 100 PS 
bending magnets, the dipole field to keep this beam on the central orbit is 1011.7 G. 
 
PSB transfer settings: 
Assuming the PSB central orbit length to be exactly 1/4 that of the PS, then frev,PSB = 
4frev,PS = 1745.852 kHz since the speed of the transferred beam is obviously identical in both 
machines.  Taking an effective magnetic length of 1617.7 mm for each of the 32 PSB bending 
magnets, the dipole field to keep the beam on the central orbit is 8601.3 G. 
The theoretical parameter list is given below. 
 
 PS PSB
Kinetic energy [GeV] 1.3842 1.3842
Momentum [GeV/c] 2.1245 2.1245
Circumference [m] 200·π 50·π
Revolution frequency [kHz] 436.463 1745.852
Bending field [G] 1011.7 8601.3
Relativistic gamma 2.4753 2.4753
Gamma transition 6.122 4.027
 
Adjustment of real machine parameters at transfer 
Starting from the desired revolution frequency in the PS, adding the constraint of injection onto 
the central orbit immediately fixes the required momentum of the beam and hence the integrated 
bending field.  If these two conditions are not simultaneously satisfied, then, in general, a 
revolution frequency offset, ∆f, and a mean radial position offset, ∆R, will be observed by 
injecting a single bunch from the PSB in the absence of any rf in the PS.  Having measured these 
two offsets, the correct dipole field in the PS can be established in a single step by scaling the 
existing one: 
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It only remains to correct the dipole field in the PSB to provide the new beam momentum without 
changing the revolution frequency at extraction: 
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In principle, the second step of this procedure must be applied to each of the other PSB rings one 
by one after remeasuring ∆f and ∆R in the PS.  However, the trim supplies and Bdl loops, which 
permit individual field modifications, are normally adjusted such that the beam energy from all 
rings is very similar. 
Of course, the transfer efficiency, steering in the line and injection oscillations must be checked 
after any modification of the PSB and PS magnetic fields. 
 
Comments 
Once any 2 of the 4 parameters, f, R, B, p, are fixed, the other 2 are also determined.  The choice 
of f and R at PS injection thus defines the p at transfer and the required B (equation 1).  In the 
PSB, f is fixed by the rf synchronization of the two machines and p must be the same.  Hence the 
required B is, again, fully determined (equation 2).  Since the rf synchronization process is based 
on a canonical ratio of 4 between the revolution frequencies of the PSB and PS, any discrepancy 
from that ratio for the central orbits defined by the pick-ups of the two machines will result in a 
non-zero radial offset observed in the PSB.  However, as this radial offset merely compensates 
the relative orbit lengths, it will always be necessary – irrespective of the transfer energy and the 
initial choice of revolution frequency in the PS. 
The choice of ∆R = 0 as a constraint in the PS means that the situation for a second injected batch 
(when the radial loop is active and the rf synchronization is based on the revolution frequency of 
the beam itself) should be identical to that for the first provided the same B is applied prior to the 
second transfer. 
 
Example 
The following table summarizes the situation before and after the application of the procedure to 
the three bunches of the user MDRF.  Taking ∆R = 0 (in view of the precision of the CODD) and 
∆f = 60 Hz gave ∆BPSB = 12 G and ∆BPS = -0.85 G (-1 G was applied).  The PS constraints are 
clearly met at the expense of MRP in the PSB. 
 
 R2 R3 R4  R2 R3 R4 
MRPPSB [mm] -0.1 -0.3 -0.1  -3.4 -3.4 -3.3 
MRPPS [mm] -0.3 0.0 -0.3  0.1 0.1 0.2 
frev,PS [kHz] 436.523 436.527 436.527  436.462 436.465 436.466 
 
 
